Vahl. subsp. lavandulifolia (Lamiaceae) is widely used in south Anatolia as a herbal tea. It is used for the treatment of gastrointestinal and respiratory disorders. Constituents of the essential oil obtained by hydrodistillation were analyzed both by GC-FID and GC/MS, simultaneously. Thirtyseven compounds representing 98.3% of the oil were characterized. β-Phellandrene (27%), α-pinene (18.5%) and germacrene-D (13%) were found as major components of the oil. Anticandidal, antibacterial and antioxidant properties of the oil and the prepared infusion were evaluated using several methods. The oil exhibited good inhibitory activity on Candida tropicalis (MIC 0.094 mg/mL). Staphylococcus aureus and Salmonella typhimurium growths were also inhibited by the oil at a concentration of 0.375 mg/mL. The prepared infusion of the flowering aerial parts showed weak antimicrobial effects against all the tested microorganisms, but demonstrated a remarkably radical scavenging activity (IC 50 : 3.9 µg/mL).
The subcosmopolitan genus Stachys comprises about 300 species throughout the world and is one of the largest genera of the Lamiaceae [1, 2] . Turkey is one of the richest countries in Stachys diversity being represented by 83 species with a level of 48% endemism. The genus has been morphologically divided into 15 sections, 12 subsections and two subgenera in the flora of Turkey [3] . S. lavandulifolia Vahl. subsp. lavandulifolia, known as "dağ çayı, tüylü çay", is widely consumed in south Anatolia as herbal tea. It is used for the treatment of gastrointestinal and respiratory disorders, and is known as an appetizer, carminative, stimulant, digestive, diuretic, and throat pain reliever [4, 5,6a] . Previous chemical studies on S. lavandulifolia generally mentioned its iridoid, phenylethanoid and phenylpropanoid type glycosides [6b,c], their aglycones [6d], and essential oil (EO) compositions [7, 8] . Although there are several reports on the biological activities of this species [6a,8a,9,10a-c] , to the best of our knowledge antimicrobial activity of the EO and antioxidant capacity of the prepared infusion (INF) of S. lavandulifolia subsp. lavandulifolia have not been investigated.
In the present work, flowering aerial parts of S. lavandulifolia subsp. lavandulifolia were hydrodistilled to obtain an EO that was then analyzed simultaneously by GC-FID and GC/MS. The EO and 5% INF of the dried aerial parts were evaluated for their in vitro antibacterial, anticandidal and antioxidant properties. Antimicrobial effects against several pathogenic Candida, Gram-positive and Gram-negative bacterial strains were determined by using a microdilution method. Antioxidant capacities of the samples were primarily detected by using DDPH • and ABTS •+ -TLC autographic assays. DPPH radical scavenging activity, standard Trolox equivalent antioxidant capacity (TEAC), β-carotene/linoleic acid co-oxidation, iron(III) to iron(II) reduction assays and total phenol content analysis were performed as further analyses.
The hydrodistilled EO from the aerial parts of S. lavandulifolia was analyzed by GC and GC/MS, respectively. Thirty-seven compounds representing 98.3% of the oil were characterized (Table 1) . β-Phellandrene (27%), α-pinene (18.5%) and germacrene-D (13%) were found as main components of the oil. Generally similar results have been found in previous studies [6c,7,8b,10d], which have reported that the major constituents of S. lavandulifolia EO were β-phellandrene, α-pinene, germacrene-D, caryophyllene and myrcene ( Table 2 ).
The characterized EO and the 5% INF of S. lavandulifolia were subjected to common Gram-positive and Gram-negative bacteria and standard or clinically isolated Candida strains associated with human pathogenicity. Minimum inhibitory concentrations (MIC) of the test samples and standards are summarized in Table 3 . According to the microdilution assay, the prepared INF of S. lavandulifolia showed weak antimicrobial effects against all tested microorganisms (MIC; ≥5.0 mg/mL) except C. parapsilosis and C. tropicalis, having MIC values of 0.3 and 0.1 mg/mL, respectively. The EO showed moderate to weak inhibitory effects (MIC; 0.09-1.5 mg/mL) against the test microorganisms in comparison with Ketoconazole and Chloramphenicol. Furthermore, the essential oil showed better inhibitory effects on the Candida species than that of the tested bacteria, except for Staphylococcus aureus (MIC; 0.375 mg/mL). Remarkably, C. tropicalis and C. albicans were inhibited by the oil at concentrations of 0.09 and 0.1 mg/mL, respectively. Furthermore, the tested bacterial strains were inhibited by the oil moderately at concentrations of 0.375 to 1.5 mg/mL. Several studies on the antimicrobial activity of Stachys extracts have been reported [4d, 5,6a] . In previous studies, the methanol extract of S. lavandulifolia showed weak antibacterial effects against Gram-positive and Gram-negative bacteria [9a] . In another report, different solvent extracts of the Stachys species showed insignificant effects on the tested bacteria panel. Terpinen-4-ol 0.
NPC Natural Product Communications
Hexadecanoic acid 0.4 ± 0.06 a,b Total 98.0 ± 0.2 a RRI Relative retention indices calculated against n-alkanes on a HP Innowax column; b mean % calculated from FID data ± SD (n=3); a, comparison of mass spectra with the Wiley and Mass Finder libraries and retention times; b, comparison with genuine compounds. 
Major components a
Caryophyllene (11%), 1,8-cineole (9%), terpinene-4-ol (4%), α-pinene (4%), cadinene (4%), methyl eugenol (4%), β-pinene (4%).
β-Phellandrene (12-37%), α-pinene (8-27%), myrcene (17-24%), β-caryophylene (8-16%).
[7b]
4-Hydroxy-4-methyl-2-pentanone (9%), α-pinene (8%), hexadecanoic acid (5%) scavenging activities were determined as 0.49 ± 0.01, 1.62 ± 0.2 and 1.78 ± 0.1 at a concentration of 10 mg/mL of INF, BHT and gallic acid, respectively. The INF demonstrated a 20% antioxidant activity in the β-carotene/linoleic acid co-oxidation assay, but was not as active as the positive controls BHT (80.4%) and gallic acid (67%). In a previous study, an 80% methanolic extract of S. lavandulifolia showed 91.6% lipid peroxidation activity at the concentration of 0.4 mg/mL [11b]. The ability of the INF to reduce ferric to ferrous ion was also studied. The reducing power of the prepared INF (0.4 ± 0.003 mmol/g AscAE) was not as strong as the positive controls BHT (3.1 ± 0.03) and gallic acid (7.5 ± 0.4).
Total phenolic content of the INF was measured by Folin-Ciocalteau assay using a gallic acid calibration curve (R 2 : 0.993). The total phenol content was found to be 4.0 ± 0.3%. In a previous study, the total phenolic contents of six different Stachys species had been reported as 0.4-4.4%, which are similar to our results [12a] . In previous studies, phenolic constituents of S. lavandulifolia had been identified as lavandulifolioside A, 4,3ʹ,4ʹ-trimethoxy-lavandulifolioside-A (lavandulifolioside-B), verbascoside, leucosceptoside-A, 5-O-β-allopyranosyloxy-aucubin, monomelittoside, and melittoside [6b,6c, 12b-c,13].
S. lavandulifolia subsp. lavandulifolia is widely consumed as a herbal tea against respiratory disorders in South Anatolia. Therefore, the freshly prepared infusion of the flowering parts containing the water soluble and volatile compounds that are consumed was used as the study material. The volatiles were extracted by classical hydrodistillation to evaluate their constituents. Consequently, the constituents of the hydrodistilled essential oil were analysed by GC-FID and GC/MS, respectively. β-Phellandrene (27%), α-pinene (18.5%) and germacrene-D (13%) were the major volatile compounds of the oil. Furthermore, the volatile fraction and the infusion were evaluated for their antimicrobial and antioxidant efficacy. The essential oil exhibited relatively good inhibitory effects on Candida tropicalis, Staphylococcus aureus and Salmonella typhimurium human pathogenic strains, whereas the prepared infusion showed weak antimicrobial effects against all the tested microorganisms. In contrast, the infusion exhibited remarkable radical scavenging activity (IC 50 : 3.9 µg/mL). The results obtained in this study have indicated that the EO and 5% INF of S. lavandulifolia may be promising as antimicrobial and antioxidant agents, supporting the folk use in respiratory complaints. The EO was obtained from flowering air dried aerial parts of S. lavandulifolia subsp. lavandulifolia by hydrodistillation using a Clevenger-type apparatus for 3 h. The EO yield was calculated on a dry weight basis as 0.3%. The obtained oil was dried over anhydrous sodium sulfate and stored in amber glass vials at +4°C in the dark until analyzed and tested. The aqueous extract of S. lavandulifolia was prepared by infusing 10.0 g of dried material in 200 mL of distilled water for 5 min at 80 o C. The INF was filtered and then evaporated in a rotary evaporator at 40-44°C for 36-48 h.
Experimental

Plant material, essential oil and infusion:
Gas chromatography-mass spectrometry (GC/MS) and gas chromatography analysis (GC-FID):
The GC/MS and GC-FID analyses were carried out under experimental conditions similar to those reported earlier [5] . Identification of the EO components was carried out by comparison of their relative retention times with those of authentic samples, computer matching against commercial (Wiley GC/MS Library, MassFinder 3 Library) [14, 15] and inhouse "Başer Library of Essential Oil Constituents", as well as MS literature data [16, 17] . 
Microorganisms and culture conditions:
Determination of antibacterial and anticandidal activities:
The microdilution broth susceptibility assay [18, 19] was used for the antimicrobial evaluation of the oil and infusion. Stock solutions of the EO and INF were prepared in dimethylsulfoxide (DMSO, Carlo-Erba, France) and sterile distilled water, respectively. Two-fold dilution series were prepared using sterile distilled MHB in 96-well microtiter plates. Overnight grown microorganism suspensions in MHB were standardised to 10 6 (for Candida panel) and 10 8 CFU/mL (for bacteria) by using a suspension turbidity detector (Biosan, Latvia) adjusted to McFarland No: 0.5 standard. One hundred µL of each culture suspension was then added into the wells. The last row, without microorganisms, was used as a sterility control. The microorganism and MHB medium served as a positive growth control in another row. After incubation at 37C for 24 h the first well without turbidity was determined as the minimal inhibitory concentration (MIC, mg/mL). For the visualization 20 µL of Tetrazolium Violet 1% (w/v, EtOH) (2,5-diphenyl-3-[αnaphthyl] tetrazolium chloride, TTC, Sigma) reagent was transferred to plates and incubated at 37C for 3 h. Ketoconazole (Fluka) and Chloramphenicol (Merck) were used as standard antifungal and antibacterial agents, respectively. [20] . DDPH • and ABTS •+ reagents were sprayed onto the spotted samples (10 μL) on the TLC plate.
Pre-screening of antioxidant activity: DDPH • and ABTS •+ -TLC autographic evaluation was used for the detection of the antioxidant capacity of the EO and INF
Scavenging of DPPH • free radical:
Serial dilutions of the samples were carried out with the stock solution of the compound to obtain concentrations of 5 x 10 -1 to 5 x 10 -6 mg/mL. Diluted solutions were mixed with an equal amount of DPPH • in 96 well microplates and allowed to stand for 30 min for any reaction to occur. The UV absorbance was recorded at 517 nm with a UV-VIS micro-plate reader (Biotek-USA). The experiment was performed in duplicate and the average absorption was noted for each concentration. The same procedure was followed for the positive controls BHT (butylated hydroxytoluene) and gallic acid. The IC 50 value, which is the concentration of the test materials that inhibits 50% of the free radical concentration, was calculated as mg/mL [21a] .
Standard TEAC assay:
This assay (Trolox equivalent antioxidant capacity) [21b] assesses the capacity of a compound to scavenge the stable ABTS radical (ABTS •+ ) in comparison with the antioxidant activity of Trolox, a water-soluble form of vitamin E that is used as a standard. The blue-green ABTS •+ was produced through the reaction of 7 mM ABTS with 2.5 mM sodium persulfate (Na 2 S 2 O 8 ) in the dark at room temperature for 12-16 h before use. The concentrated ABTS •+ solution was diluted with ethanol to a final absorbance of 0.8-0.7 at 734 nm. A 10 µL portion of the sample (concentrations of 10 mg/mL) was added to 990 µL of ABTS •+ solution and the reduction in absorbance was measured at 1 to 30 min after addition of trolox.
Determination of inhibition of β-carotene/linoleic acid cooxidation:
One mL of β-carotene (0.2 mg/mL dissolved in chloroform; Sigma Chemical Co., St. Louis, MO) was added to a flask containing linoleic acid (40 mg) and Tween 80 (400 mg). Distilled water (50 mL) was added and shaken vigorously. The control was prepared without sample using the same procedure. Blanks of control and samples were also prepared without β-carotene. Their absorbance values were measured on a spectrophotometer at 470 nm. The samples were then subjected to thermal autoxidation by keeping them in a constant temperature water bath at 50°C for 2 h. The rate of bleaching of β-carotene was monitored by taking the absorbance at 15 min intervals [21c].
Iron(III) to iron(II) reduction activity:
The ability of the extracts to reduce iron (III) was assessed by the method of Oyaizu [21d]. One mL extract (diluted 1mg/mL to 0.01 mg/mL) dissolved in H 2 O, was mixed with 2.5 mL 0.2 M phosphate buffer (pH 6.6) and 2.5 mL of a 1%, w/v, potassium hexacyanoferrate solution. After 30 min incubation at 50ºC, 2.5 mL 10%, w/v, trichloroacetic acid (TCA) was added and the mixture was centrifuged for 10 min. Finally, 2.5 mL of the upper layer was mixed with 2.5 mL H 2 O and 0.5 mL 0.1%, w/v, FeCl 3 and the absorbance was recorded at 700 nm. The reductive activities of the extracts are expressed as ascorbic acid equivalents (AscAE) in mmol ascorbic acid/g sample [21e]. The bigger AscAE value, the greater the reducing power of the sample. The data are presented as the average value of quadruplicate analyses.
Determination of total phenol content:
Total phenols were estimated as gallic acid equivalents (GAE), expressed as mg gallic acid/g extract. Six mL distilled water and 100 µL sample were transferred to a 10.0 mL volumetric flask, to which 500 µL undiluted Folin-Ciocalteu reagent was added subsequently. After 1 min, 1.5 mL 20%, w/v, Na 2 CO 3 was added and the volume was made up to 10.0 mL with H 2 O. After 2 h incubation at 25°C, the absorbance was measured at 760 nm and compared with a gallic acid calibration curve. The data are presented as the average of triplicate analyses [22, 23] .
